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Introduction
Differences in economic opportunities give rise to strong migration incentives, across regions within countries, and across countries. Despite the extensive literature on migration (see Greenwood [1997] and Lucas [1997] for example), not much is known about how income differences affect migration choices. In this paper we focus on responses to differences in welfare benefits across States. We apply the model developed in Kennan and Walker (2008) , which emphasizes that migration decisions are often reversed, and that many alternative locations must be considered. We analyze the migration decisions of women who are eligible to receive Aid to Families with Dependent Children (AFDC).
Interest in welfare-induced migration dates from at least the early nineteenth century and the reform of England's Poor Laws. In the United States, the issue has been part of the public discussion surrounding welfare policy since 1969 when the U.S. Supreme Court struck down residency requirements for AFDC receipt. The recent literature on welfare-induced migration is summarized by Meyer (2000) . While the consensus view from earlier work reviewed by Moffitt (1992) was that differences in welfare benefits across states had a significant effect on migration decisions, subsequent studies by Levine and Zimmerman (1999) and by Walker (1994) found little or no effect. Meyer argued that by paying careful attention to the determinants of welfare participation, the ambiguity in these results can be resolved in favor of a significant (but small) effect of welfare on migration. Gelbach (2004) also found a significant effect, arguing that previous studies had failed to properly account for dynamic selection effects.
None of these studies contains a fully specified dynamic choice model, however, and we believe that our model can provide a more systematic analysis. We use the framework to consider the effects of alternative welfare policies, such as a policy of national standardized benefits.
We model individual decisions to migrate as a job search problem. A worker can draw a wage only by visiting a location, thereby incurring a moving cost. Locations are distinguished by known differences in wage distributions, amenity values and alternative income sources. A worker starts the life-cycle in some home location and must determine the optimal sequence of moves before settling down. There is a two-dimensional ranking of locations, ex ante: some places have high wages, while others have high welfare benefits which provide an attractive fallback option.
The model is sparsely parameterized. In addition to expected income, migration decisions are influenced by age, climate amenities, moving costs, including a fixed cost, a reduced cost of moving to a previous location, and a cost that is proportional to distance, and by differences in 2 Residential location is point-sampled as of the date of the interview. In the initial survey, limited information on birth place and residence at age 14 were collected. And in 1982, all residences since the start of the survey were recorded. Location as of the date of the interview is the only locational measure available for all rounds of the survey. We use only information through the 1994 interview, as the 1994 interview marks the move from an annual to biennial interview schedule. 3 See also Long (1988) . 2 location size, measured by the population in origin and destination locations. We also allow for a bias in favor of the home location.
Our main finding is that income differences do help explain the migration decisions of young welfare-eligible women, but large differences in benefit levels provide surprisingly weak migration incentives.
Descriptive Evidence on Migration Behavior
We use migration histories from the 1979 Cohort of the National Longitudinal Survey of Youth (NLSY79) to provide descriptive evidence on interstate migration behavior among young women. (We present a detailed analysis of a subset of these data later in the paper.) The NLSY79 is nationally representative of American youth living in the United States at the start of 1979. We use data from the 1979-1994 waves.
2 In order to obtain a relatively homogeneous sample, we consider only women with no college education, using only the years after schooling is completed. Respondents are tracked from age 19 through the 1994 interview (the maximum age is 36 years old). For this introductory descriptive analysis, we impose no restrictions on marital status or the presence of children.
We drop respondents who served in the armed forces and observations with missing information on education, marital status, children in the household and those that could not be geocoded. The descriptive sample includes 2,899 women and 33,552 person-years. The average annual interstate migration rate is 4.2 percent. Figure 1 plots the annual interstate migration rates for single and married women, and for women with children (regardless of marital status).
Since Ravenstein (1885 Ravenstein ( , 1889 , migration has been recognized as an activity of the young.
3 Indeed, migration rates among these three groups exhibit a strong age gradient. Married women have slightly higher annual migration rates; neither marriage nor children in the household seem to be barriers to movement. 
Figure 2
In our econometric analysis we concentrate on single women with dependent childrenthose who are nominally eligible for AFDC benefits. Figure 2 presents the annual migration rate of welfare eligibles and a natural comparison group, married women with children. Annual migration rates are clearly lower for the welfare-eligible group.
4 "Home" is defined as the State of residence at age 14.
5 See Meyer (2000) and Gelbach (2004) , for example.
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Within the descriptive sample, about a quarter of all women make at least one interstate move and among those who move, more than 59 percent move more than once and 22.5 percent move three times or more. Fully three-quarters of all moves are repeat. And "home" is a common destination for repeat moves: 4 about half of all repeat moves are a return to the home location. Again, welfare-eligible women exhibit the same dynamic behavior. Restricting attention to women who are ever-welfare eligible, 60 percent of the moves are repeat moves, and home is the destination of a repeat move 54 percent of the time. The prevalence of repeat and return migration indicates the need for a dynamic analysis of migration.
It is instructive to focus on the group of women who have been seen as most responsive to
State differences in welfare differences --never-married high school dropouts with dependent children. This brief descriptive analysis of interstate migration by high-school educated women within the NLSY shows that annual migration rates decline with age, and that women with dependent children move at about the same frequency as do other women at these ages. And for all groups of women repeat and return migration are important. 6 We use "wage" and "earnings" interchangeably since there is no hours of work choice in the model.
5
An Optimal Search Model of Migration
We use a modified version of the search model of migration developed in Kennan and Walker (2008) . The basic assumption is that wages 6 are local prices of individual skill bundles.
The individual knows the wage in the current location, but not in other locations, and in order to determine the wage at each location, it is necessary to move there. For computational reasons, the state space is restricted so as to include information on wage realizations in at most two locations, these being the current location and the previous location (if any). In each location welfare acts as a fallback option, and the value of this is known.
The model aims to describe the migration decisions of young workers in a stationary environment. The wage offer in each location may be interpreted as the best offer available in that location. It may be that wage differentials across locations equalize amenity differences, but a stationary equilibrium with heterogeneous worker preferences and skills still requires migration to redistribute workers from where they happen to be born to their equilibrium location. Alternatively, it may be that wage differentials are slow to adjust to location-specific shocks, because gradual adjustment is less costly for workers and employers. In that case, our model can be viewed as an approximation in which workers take current wage levels as a rough estimate of the wages they will face for the foreseeable future. In any case, the model is intended to describe the partial equilibrium response of labor supply to wage differences across locations; from the worker's point of view the source of these differences is immaterial, provided that the differences are permanent. A complete equilibrium analysis would of course be much more difficult, but our model can be viewed as a building-block toward such an analysis.
Suppose there are J locations, and individual i's wage W ij in location j is a random variable with a known distribution. The fallback option is B j , and thus income in location j is
Migration decisions are made so as to maximize the expected discounted value of lifetime utility, subject to budget constraints. In general, the level of assets is an important state variable for this problem, but we focus on a special case in which assets do not affect migration decisions. Suppose the marginal utility of income is constant, and individuals can borrow and lend without restriction at a given interest rate. Then expected utility maximization reduces to maximization of expected lifetime income, net of moving costs, with the understanding that the value of amenities is included in income, and that both amenity
values and moving costs are measured in consumption units. This is a natural benchmark model, although of course it imposes strong assumptions.
Earnings and Expected Income
The wage of individual i at age a in location j in period t is specified as where : j is the mean wage in location j, L is a permanent location match effect, G(a) represents the age-earnings profile, 0 is an individual effect that is fixed across locations, and g is a transient effect. We assume that 0, L and g are independent random variables that are identically distributed across individuals and locations. We also assume that the realizations of 0 and L are seen by the individual.
The realization of the transient wage component g affects income in the current period, but it has no implications for future wage draws in any location, so it has no bearing on migration decisions. On the other hand the individual effect 0 i is permanent, and the location match effect L ij is permanent for location j, so both of these components affect migration decisions, and must therefore be treated as state variables. Since it is not feasible to compute the value function for more than a small number of possible realizations of these variables, we model both 0 and L as discrete random variables. The size of the state space grows quickly as the number of possible realizations of L increases, since it is necessary to compute the continuation value for every possible combination of location match realizations in every pair of current and previous locations. The best n-point approximation of any distribution F puts equal weight on support points s k determined by nF(s k ) = k -½. If F is symmetric around zero, the three-point approximation involves just one free parameter, determined by F(s 1 ) = 1/6 (See Kennan [2006] ).
In practice, we use a three-point distribution for L and and a five-point distribution for 0, both symmetric around zero. For the transient component g we need a continuous distribution that is flexible enough to account for the observed variability of earnings. We assume that g is drawn from a normal distribution with zero mean for each person, but we allow the variance to vary across people. Specifically, person i initially draws F g (i) from some distribution, and subsequently draws g it from a normal distribution with mean zero and standard deviation F g (i), with g it drawn independently in each period. The distribution from which F g is drawn is specified
as a (uniform) discrete distribution with two support points, where these support points are parameters to be estimated.
Expected income for a woman who is eligible for welfare in location j is given by where N and M are the standard normal density and distribution functions, B j is the welfare benefit in location j, and
The Value Function
Let x be the state vector. The utility flow in the current period if location j is chosen is specified as where . j represents influences on migration decisions that are not included in the model. We assume that . j is drawn from a Type I extreme value distribution, and that the draws from this distribution are independent over locations, and over periods. Let p(xN| x,j) be the transition probability from state x to state xN. The probability that a person in state x will choose location j can then be written as where v and V 6 are defined as the functions that solve the following pair of equations
Consider a person with "home" location h, who is in location R 0 this period and in location j next period. The flow of utility in the current period for such a person is specified as
The notation is as follows. Income in the current period is denoted by y(R 0 ,T), where R 0 is the current location, and T represents the individual fixed effect and the location match draw, as described more fully below. The parameter " 0 is the marginal utility of income. There is a premium " H that allows each individual to have a preference for their home location (P A is used as an indicator meaning that A is true). Amenity values in the current location are denoted by Y k (R 0 ), and ) J (x,j) is the cost of moving from R 0 to j.
The moving cost is specified as.
We allow for unobserved heterogeneity in the cost of moving: there may be several types, indexed by J, with differing values of the intercept ( 0 . In particular, there may be a "stayer" type, for whom the cost of moving is prohibitive. The moving cost is an affine function of distance, D(R 0 ,j). The set of locations adjacent to location R is denoted by A(R); moves to an adjacent location may be less costly, because it is possible to change States while remaining in the same general area. The previous location is denoted by R 1 ; a move to a previous location may be less costly, relative to moving to a new location. The cost of moving is also allowed to depend on age, a. Finally, we allow for the possibility that it is cheaper to move to a large location, as measured by population size n j . The point of this is to control for the obvious asymmetries between locations like Montana and Texas.
Welfare Eligibility, Marriage and Human Capital
Women are eligible for welfare benefits only if they are single, with dependent children, and if their earnings are low. Thus a complete specification of the value function would require a model of marriage and divorce, including a theory of how the marital surplus is divided, and of how likely it is that the surplus disappears, so that the marriage breaks up. This is a tall order.
7 Benefits varied from year to year, as documented by Robert Moffitt's database on State welfare benefits (http://www.econ.jhu.edu/people/moffitt/datasets.html). However the relative generosity of benefits across States is constant over time. Moreover, to incorporate the temporal change in benefits requires a significant extension to our model -we must model the women's subjective beliefs about future benefits. For a discussion and an application of such forward-looking behavior that does not consider migration see Keane and Wolpin (2002a,b) .
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In addition, a woman who is out of the labor force (either because she is collecting welfare or because she is married and doing non-market work) forgoes the human capital accumulation associated with labor market experience. Thus a fully specified model should encompass the relationship between current work and future wages, as in Shaw (1989) and Imai and Keane (2004) . In particular, the opportunity cost of being on welfare may be considerably higher than the current wage. Thus a more complete model would require a much larger state space than that used here, with marital status, number of children, and accumulated market work experience treated as state variables.
Our model can be viewed as a simplification based on two approximations. First, when a welfare-eligible woman marries, she receives no surplus, either because the surplus is negligible, or because her share is negligible. Second, the experience associated with non-market work yields the same increment of human capital as the same amount of market work experience.
Empirical Implementation
Welfare Benefits
Benefits correspond to the combined AFDC and Food Stamp benefit for a family of 3 in 1989.
We use the benefit structure as of 1989 to facilitate comparison with the 1990 Census data that we use to calculate State-specific wages.
7 Table 6 in the appendix shows that the differences in benefits across states are large: for example the highest annual benefit among the 48 continental states is $7,568 in California and the lowest is $3,426 in Alabama (in 1983 dollars). In the second column of the table, these differences are adjusted for differences in the cost of living across States, using the ACCRA cost of living index (http://www.coli.org). Even after this adjustment, the differences remain large. The last column of the table shows the wage percentile in the 1990 PUMS data corresponding to the benefit level by State. The typical situation is that less than 50 percent of single women with children earn more than the benefit level.
Locations
Ideally, locations would be defined as local labor markets. We obviously cannot let J be the number of counties, since there are over 3,100 counties in the U.S. Indeed, even restricting J to the number of States still far exceeds current computational capabilities. To aggregate locations beyond the state level (e.g. Census Regions) is unattractive, because benefit levels are set at the State level, and there are large differences across States, even within the same region.
Consequently, we define locations as States, but restrict the information available to each individual to include only the wage realizations in the current and previous locations.
The Likelihood Function
Consider an individual who visits N i locations. We index these locations in the order in which they appear, and we use the notation and to represent the position of R 0 (i,t) and 
Similarly, in each location there is a draw from the location match preference distribution, which is modeled as a uniform distribution over the finite set , indexed by T > . 
, 
The likelihood of an individual history is a mixture over the possible realizations listed in S(N i ). For each period in the history, two pieces of information contribute to the likelihood: the observed income, and the location choice. We describe these in turn.
We assume that each person takes a draw from the wage distribution in each period, and The choice probabilities depend on the home location, the individual fixed effect, the variance of the transient component, the current and previous locations, the current and previous draws from the location match distribution, the destination, and the current age.
The likelihood of an individual history, for a person of type J, can be written as 8 Table 7 in the appendix shows how we reached this sample.
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The loglikelihood of the whole sample is a mixture over heterogeneous types, given by where B J is the probability of type J.
Empirical Results
Our primary data source is the NLSY79; we also use data from the 1990 Census. To form the estimation sample we restrict the descriptive sample from the NLSY79 to person-year observations for welfare-eligible women. Specifically, we restrict the estimation sample to welfare-eligible women with no more than twelve years of education, observed over the period [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] . We consider only women who never enrolled in college, using only the years after schooling is completed. We exclude those who ever served in the military. We follow each person from age 20 to the 1994 interview, including only those years in which the woman was single, with children under age eighteen in the household.
Maximum Likelihood Estimates
First we use the 1990 PUMS to estimate the State specific means of the wage offer distributions. We need the large sample size of the PUMS to estimate mean wages for less populous States. Then we jointly estimate the utility and cost parameters of the migration choice process and the remaining parameters of the wage offer distributions. We fix the discount factor ($) to 0.95, and the decision making horizon (T) to 40. Table 1 shows that differences in expected income are a significant determinant of migration decisions for welfare-eligible high school graduates. There are 3,466 person-years in the data, with 88 interstate moves. 8 This is an annual migration rate of 2.54%, and the first model in Table 1 simply matches this rate by setting the probability of moving to each of J-1 locations to a 9 In other words the estimate of ( 0 solves the equation ; the solution is ( 0 = log(168900) -log(88).
High School Graduates
10 This contrasts with the results in Kennan and Walker (2008) , where it was found that age increases the migration cost for high school men in the NLSY.
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constant value, namely , with J = 51. 9 The next model estimates the parameters of the 1 88 1 3466 J − earnings process using only the information on earnings. This is followed by maximum likelihood estimates of the joint loglikelihood function for migration and earnings, in a specification in which earnings do not influence migration choices (" 0 =0); in this case the joint likelihood factors into separate components for migration and earnings. Next income is introduced with no unobserved heterogeneity in moving costs. The last set of estimates includes both unobserved heterogeneity and the effect of income, and the likelihood ratio test indicates that the income coefficient is significantly different from zero, with a p-value of .021.
These estimates show that population size, distance, climate (represented by total heating degree days), home, adjacent, and previous locations all have significant effects on migration.
Somewhat surprisingly, the model can account for the relationship between age and migration rates without allowing age to directly affect moving costs 10 . Joint estimation of the earnings and migration parameters makes little difference: the migration data are not informative about the wage process. (( 0 ) 7 
Notes:
There are 3466 (person-year) observations, and 694 individuals. There are 88 moves. Table 3 shows estimates for a sample of high school dropouts. It might seem that the influence of differences in welfare benefits would be more important for dropouts than for high school graduates, since their labor market options are more limited. Indeed, Gelbach (2004) analyzes the effects of welfare benefits by using dropouts as the "treatment group," and uses high school graduates as a control group. The problem with this is that it does not allow for differences in migration costs. For instance, it may well be that high school graduates are better equipped to deal with the problems of setting up a household in a new location. The estimates 15 for dropouts in Table 3 are noisier than the high school estimates, but there is certainly no indication that welfare has a stronger effect for those with less education. Moreover, the migration rate for dropouts is considerably lower than the rate for high school graduates, suggesting that moving costs are indeed higher for dropouts. A simple test is to compare the distribution of moves in the sample with the prediction of the model. Using estimates from the full model in Table 2 we simulate individual migration histories in the NLSY. We start individuals in their first observed location and simulate 1000 histories for each replica, continuing each simulated history for the number periods observed in the sample for that individual. As a benchmark we present the distribution of moves generated by a binomial random variable with an annual migration probability equal to 2.54 percent.
High School Dropouts
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12 Table 4 presents the results. The homogeneous binomial substantially underestimates the incidence of repeat migration; the model fits this reasonably well. The second set of counterfactual experiments investigates migration responses to uniform benefit levels for all states. Differences in AFDC benefits are seen as the driving force behind welfare induced-migration. We use our structural model estimates to simulate what the migration flows would have been if these differences had been absent. In the public discussion prior to the passage of TANF one argument in support of a national welfare standard was that within a decentralized system competition States following "beggar-thy-neighbor" policies would result in a minimum national benefit level (e.g., Peterson and Rom [1990] and Corbett [1991] ).
We find that equalizing welfare benefits would have had very little effect on migration, regardless of whether the national benefit is set at either the lowest or the highest State benefit level. This finding might help explain why the race to the bottom did not in fact occur. welfare benefits. In particular, women with favorable individual fixed effects are unlikely to be on benefits.
National Welfare Benefits and National Wage Offer Distributions
The second set of counterfactual experiments investigates migration responses to uniform benefit levels for all states. Differences in AFDC benefits are seen as the driving force behind welfare induced-migration. Investigation of a national benefit level is also interesting because the result is a priori ambiguous -implementing a national welfare benefit may serve to increase or decrease migration rates. Since the level of the National benefit may influence migration rates we consider three regimes: (a) "minimum"-uniform benefits set equal to Mississippi's 1989 benefits, (b) "average"-uniform benefits equal to a population weighted mean benefits in 1989, and (c) "maximum" -benefits set equal to California's benefits in 1989. We follow the same experiment for wages and remove State differences in mean wages. We consider a National wage offer distribution set at the population weighted mean of the State means. We shift the National mean wage separately by plus and minus 20 percent. 
Conclusion
We have used a structural econometric model of sequential migration decisions to analyze responses to differences in income opportunities across States, for women eligible for welfare benefits. The model allows for a large number of alternative choices. Migration decisions are made so as to maximize the expected present value of lifetime income. The interaction of wages and welfare benefits is modeled by using a simple error-components model for wages, allowing for permanent unobserved ability differences across people, as well as quasi-permanent differences in matches between people and locations.
Our model controls for noneconomic factors affecting migration (such as differences in population size across States) and it accounts for various influences on migration costs, including distances between States. Each individual is associated with a particular home location, which acts as a powerful magnet. The estimated version of the model gives a plausible description of the main migration patterns seen in the data, including the high incidence of 21 return migration (despite the large number of untried alternatives) and the negative relationship between age and migration rates.
Our empirical results show a significant effect of income differences on interstate migration, for unskilled single women with dependent children in the NLSY. At the same time we find that the tendency to migrate toward higher welfare benefits is weak. Even though the observed benefit differences are large, these differences apparently play only a small part in expected income calculations for most welfare-eligible women.
